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Di strontium magnesium silicate phosphor doped with specific concentration of Eu2þ
(0.5 mol%) and Dy3þ (1.5 mol%) is prepared using solid state reaction technique. Sample
was characterized by X-ray diffraction (XRD) and Fourier transforms infrared techniques.
Scanning Electron Microscopy was done to see the morphology of prepared sample.
Refined lattice parameters and bond lengths were calculated using the refined data.
Mechanoluminescence (ML) studies were also done. Sample exhibited fairly good ML
properties. ML spectra expressed single peak supports the formation of single emission
centre due to transition of Eu2þ ions due to transitions from any of the sublevels of 4f65 d1
configuration to 8S7/2 level of the 4f
7 configuration. Semi-log plots of ML were used to
calculate ML decay constant. Calculated ML decay constant indicated that it has slow decay
which is one of the properties of long lasting phosphors. It was considered that formation
of new surface comprising of local and bulk piezoelectricity are responsible for ML emis-
sion. This fracto-mechanoluminescent material can be used in the devices like fracture
sensor, impact sensor, damage sensors, safety management monitoring system, fuse
system for army warheads, etc.
Copyright © 2015, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The family of materials M2MgSi2O7 (M ¼ Sr, Ba, Ca), also called
alkaline earth akermanites, plays a role similar to that of
MAl2O4 in the aluminate group. They are often used as an
example material when presenting afterglow mechanisms
and they are the most widely studied persistent luminescent
silicates (Chandra, 1998, 2011, 2012; Kim, Kwon,& Sohn, 2013).
It has been already reported that light emission takes place
during the elastic deformation, plastic deformation and frac-
ture of solids. Sugar crystal produces a glow of light when it is.com (R. Shrivastava).
gyptian Society of Radiat
iety of Radiation Sciences
icense (http://creativecomcrushed or fractured in dark. Such phenomenon of light
emission induced by fracture of solids is known as fracto
Mechanoluminescence (FML) (Chandra, 1998, 2012). The fracto
ML induced by impulsive deformation of crystals may be
useful in providing scientific background to the damage sen-
sors; impact sensors; fuse system for army warhead; fracture
produced bymillingmachines, crushers, hammers, etc. It may
also provide a sensitive optical tool for studying fracture-
dynamics in microsecond and nanosecond ranges (Chandra
et al., 2010). The ML technique makes possible the real-time
monitoring of crack-growth in solids, severity and location
of damages, and the stress distribution near the tip of crack inion Sciences and Applications.
andApplications. Production and hosting by Elsevier B.V. This is an
mons.org/licenses/by-nc-nd/4.0/).
Fig. 1 e Observed, calculated, standard and difference (Rietveld) plot of Sr2MgSi2O7: Eu
2þ, Dy3þ.
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et al., 2013; Sage et al., 1999; Sohn, Seo, Kwon, & Park, 2002).
Sr2MgSi2O7 doped with Eu
2þ and Dy3þ shown very good
Mechanoluminescence (ML), which is expected to be in frac-
ture region with a fair decay time. In present work Sr2MgSi2O7
doped with Eu2þ and Dy3þ is prepared using solid state reac-
tion technique and then characterized by X-ray diffraction
(XRD) technique, Fourier Transform Infrared (FTIR) Technique
and Scanning Electron Microscopy (SEM). Prepared sample
went through impulsive deformation for Mechanolumi-
nescence studies. Sample exhibited fairly good ML properties
with reasonable ML decay rate.2. Materials and methods
2.1. Preparation of Sr2MgSi2O7:Eu
2þ, Dy3þ phosphors
The phosphor of Sr2MgSi2O7:Eu
2þ, Dy3þ powder of 0.5 mol %
of Eu2þ and 1.5 mol% of Dy3þ was prepared by solid state
reaction technique. The starting materials SiO2, SrCO3, MgO,
Dy2O3 and Eu2O3 with proper stoichiometric proportionsTable 1 e Comparison of Standard and refined bond lengths o
Standard_Card_COD 96-431-7174 Sr2MgSi2O7: Eu
2þ, Dy
Atom_1 Atom_2 Bond length Atom_1 Atom_2
Sr Mg 3.9725 Sr Mg
Sr Si 3.245 Sr Si
Sr O1 2.6046 Sr O1
Sr O2 2.5841 Sr O2
Sr O3 2.5866 Sr O3
Sr Sr 4.226 Sr Sr
Sr Si 3.4155 Sr Si
Sr O2 2.7463 Sr O2
Sr O3 2.7907 Sr O3
Sr Mg 3.9252 Sr Mg
Si O3 1.6248 Si O3
Si O1 1.6444 Si O1
Si Mg 3.1247 Si Mg
O3 Mg 1.9476 O3 Mgwere thoroughly ground for approximately 1 h in a mortar,
pre-sintered at 900 C, then fired at 1300 C for approxi-
mately 2 h, with H3BO3 (1.6 mol %) used as flux.
(Shrivastava, Kaur, Dubey, Jaykumar, & Loreti, 2014; Yen &
Weber, 2004)
Chemical reaction used for stoichiometric calculation is:-
2SrCO3þ2SiO2þMgOþEu2O3þDy2O3!
1300oC
ActivatedCharcoal
Sr2MgSi2O7
: Eu2þ;Dy3þþCO2[
2.2. Instruments used for characterisation
ML Devices, which we have used, was designed by Chandra
(1982), Chandra, Deshmukh and Shrivastava (1986) to
improve the performance of earlier designed devices. The ML
intensity were measured at different impact velocities by
dropping a load of particular mass and shape from different
heights. The photomultiplier tube and its housing are put in
the box through the lid. The box is perfectly dark for accurate
ML measurements. A hollow cylindrical aluminium pipe of
diameter 2.1 cm was mounted on the box by the clamps. Atf Sr2MgSi2O7: Eu
2þ, Dy3þ.
3þ (0.5/1.5 mol %) Quantity Difference in bond length
Bond length
3.9775 8 0.005
3.196 4 0.049
2.6075 4 0.0029
2.5853 4 0.0012
2.5176 8 0.069
4.2294 4 0.0034
3.373 4 0.0425
2.7502 4 0.0039
2.8417 4 0.051
3.9274 8 0.0022
1.6319 8 0.0071
1.625 4 0.0194
3.1307 8 0.006
1.946 8 0.0016
Fig. 2 e Refined crystal structure of Sr2MgSi2O7: Eu
2þ, Dy3þ.
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help of wooden cavity. For the measurement of different
heights a scale parallel to guided hollow cylinder is fixed. The
ML is excited impulsively by dropping a load of particular
mass from different heights. The phosphor was placed on a
transparent Lucite plate and was covered with aluminium foil
with the help of adhesive tape. A RCA 931A photomultiplier
tube was connected to an EHT supply of 700 V and output of
the tube was supplied to a digital storage oscilloscope (Caddo
2025c). ML spectra were taken using different coloured optical
filters. (Kaur, Suryanarayana, & Dubey, 2010; Kaur,
Suryanarayana, Dubey, & Agrawal, 2011). Fourier Transform
Infrared (FTIR) of the sample is done by 3000 Hyperion Mi-
croscope with Vertex 80 FTIR System (Bruker, Germany). SEM
instrument used was SU 6600-FESEM from Hitachi havingFig. 3 e FTIR spectrum of Sstandard tungsten filament. . X-ray diffraction(XRD) charac-
terization of the sample is done using Panalytical Xpert PRO
MPD with copper k alpha anode of wavelength 1.5405 A˚.3. Results & discussion
3.1. XRD analysis of the sample
Comparison of Observed pattern and Calculated pattern of
Sr2MgSi2O7: Eu
2þ, Dy3þ with Standard pattern of Sr2MgSi2O7
(COD Card No. 96-431-7174) and difference between the
experimental and calculated i.e. Rietveld plot is shown in
Fig. 1. All the peaks were indexed to P-421m (113) space group
with tetragonal symmetry. Background parameters, profile
shape parameters, Caglioti half width parameters (U, V, &W),
Unit Cell parameters, Atomic coordinates, Isotropic displace-
ment parameters, and remaining background parameters
were refined. We got the following Rietveld fitting results:-
Bragg R-factor: 14.3719
RF-factor: 9.89881
Chi square: 1.9361
XRD patterns were recorded at room temperature using a
BRUKER D-8 ADVANCE XRD machine by employing Cu-Ka
radiation. Values of refined parameters are found as a ¼ 8.061
Ao; b ¼ 8.061 Ao; c ¼ 5.1690 A; alpha ¼ 90; beta ¼ 90;
gamma ¼ 90;
The calculated lattice parameters are shown in Table 1 and
are slightly greater than values obtained by Crystallography
Open Database (COD-96-431-7174). This may be due to the
presence of Eu2þ (dopant) and Dy3þ (co-dopant) ions having
greater ionic radii than Ba2þ ions. There are a few extra peaks
in observed XRD pattern, which could be due a great number
of stacking faults induced by the presence of the doping ionsr2MgSi2O7: Eu
2þ, Dy3þ.
Table 2 e FTIR peak assignment of Sr2MgSi2O7: Eu
2þ, Dy3þ.
Sr2MgSi2O7: Eu
2þ, Dy3þ
Peaks (cm1) Strength Assignment Type
461.04 S SieOeSi Bending out of plane deformation
567.85 S SieOeSi Bending out of plane deformation/SreO Bending
634.75 S SieOeSi Symmetrical Stretch/SreO Bending
831.7 S SieOeSi Asymmetrical Stretch/MgeO Bending
961.31 S SieOeSi Asymmetrical Stretch
1443.59 S Sr2þ Vibrations Bend
1615.12 M Mg2þ Distortion in host lattice
1750.62 M Carbonate Symmetric stretch
1798.41 W Carbonate Symmetric stretch
1862.74 W Carbonate/SreO Symmetric stretch
1912.08 W Carbonate/SreO Symmetric stretch
2453.26 W CO2 error Asymmetric Stretch
J o u r n a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 8 ( 2 0 1 5 ) 2 0 1e2 0 7204and also due to secondary phases and impurities formed
during the elaboration process (Shrivastava et al., 2014). The
bond lengths were calculated from the refined data using
PowderCell ver. 2.4. All the bond lengths are listed in Table 1.
These values are found to be comparable with those reported
in the literature. These are comparable with those of earlier
reported values. The structure of the compound is also drawn
from refine parameters using PowderCell ver. 2.4 and shown
in Fig. 2.
3.2. FTIR analysis of Sr2MgSi2O7: Eu
2þ, Dy3þ
Fig. 3 shows FTIR spectra of the sample. In the observed IR
spectrum the absorption bands of silicate groups were clearlyFig. 4 e SEM images of Sr2MgSi2O7: Eu
2þ,evident. The intense band centred at 831 and 961 cm1 was
assigned to the SieOeSi asymmetric stretch, the bands at
634 cm1 to the SieO symmetric stretch. The band at 831 cm1
can also be attributed to MgeO bending vibrations. The bands
at 567 and 461 cm1 are assigned to the SieOeSi vibrational
mode of bending. The band, centred at 567, 634, 831 and
961 cm1can be assigned to the presence of SiO4 group. Peaks
at 567 and 634 cm1 can also be assigned to SreO bending
vibrations. Furthermore, in keeping with Gou et al. (Gou,
Chang, & Zhai, 2005) the absorption bands, posited at 961,
and 567 cm1, respectively could be ascribed to the presence
of SiO4 group. The free CO3
2 ion has a D3h symmetry (trigonal
planar) and its spectrum is dominated by the band (asym-
metric stretching) at 1443 cm1. The bands centred at 1750,Dy3þ (a) £2k (b) £10k (c) £20k (d) 40k
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Fig. 5 e ML Signal intensity with time for different impact
velocities of Sr2MgSi2O7: Eu
2þ, Dy3þ (0.5, 1.5 mol %).
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Fig. 7 e Mechanoluminescence Signal peak with impact
velocity of Sr2MgSi2O7: Eu
2þ, Dy3þ (0.5, 1.5 mol %).
J o u rn a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 8 ( 2 0 1 5 ) 2 0 1e2 0 7 2051798, 1862 and 1912 cm1 are attributed to carbonation pro-
cesses. Eu2þ ion is expected to replace Sr2þ site in the tetrag-
onal Sr2MgSi2O7 structure since the ionic radii of the eight fold
coordinated species are almost same, Sr2þ: 0.126 and Eu2þ:
0.125 nm (Aitasalo et al., 2009) This might create distortion in
the lattice resulting in 1443 and 1615 cm1 vibration modes
assigned to vibration in Sr2þ and Mg2þ ions respectively.
(Salim et al., 2009) A small peak originated at 2453 cm1 is
assigned to vibrations of carbon dioxide. Detailed assignment
is shown in Table 2.3.3. SEM analysis of Sr2MgSi2O7: Eu
2þ, Dy3þ phosphor
The grain size and morphological investigations of the phos-
phor prepared in the process were carried out with a scanning
electron microscope (SEM). The morphologies were taken at
2000, 10000, 20000, and 40000magnification.
These images confirm that the particle size is not uni-
formed. Fig. 4 Shows those particles are tightly aggregated
with one another to form a large secondary particle. In all the
surfacemorphology is good and particle size is of fewmicrons.460 470 480 490 500 510
0
20
40
60
80
100
Wavelength (nm)
(a) ML Spectrum
M
ec
ha
no
lu
m
in
es
ce
nc
e 
S
ig
na
ls
 (a
rb
itr
ar
y 
un
its
)
Fig. 6 e (a) Mechanoluminescence Spectrum (b) Photoluminesc3.4. Mechanoluminescence studies on Sr2MgSi2O7: Eu
2þ,
Dy3þ
The characteristics of ML of Sr2MgSi2O7:Eu
2þ, Dy3þphosphor
induced by the impact of a moving load of weight 500 g onto
the phosphors were measured (Fig. 5). Single peak is observed
in ML intensity versus time curve. The presence of a single
peak indicates some charge transfer process involved in ML
emission. The luminescence intensity depends upon impact
velocity. The experiment was carried out for different impact
velocities i.e. same weight dropped with different heights. In
order to investigate the luminescence centres responsible for
ML emission, Mechanoluminescence spectrum is also
recorded.
In Mechanoluminescence spectra (Fig. 6 (a)) a broaden
single peak is found at about 480 nm which was compared
with the Photoluminescence spectra (Fig. 6 (b)) of the same
sample and both the spectra found to be very similar in peak
intensity as well as shape. This helped us in making estima-
tion that there is an existence of a single emission centre
which is because of the transition of Eu2þ ions due to460 470 480 490 500 510
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(b) PL Spectrum
ence Spectrum of Sr2MgSi2O7: Eu
2þ, Dy3þ (0.5, 1.5 mol %).
Fig. 8 e Decay curve between t e tm and logarithm of ML
signals (Sr2MgSi2O7: Eu
2þ, Dy3þ (0.5, 1.5 mol %)).
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to 8S7/2 level of the 4f
7 configuration. (Shi et al., 2011).
Fig. 7 shows the dependency of ML intensity with
increasing impact velocity and the graph implies that the
relationship between Impact velocity andML peak is linear i.e.
ML peak increases with increasing impact velocity.
It can be seen that the intensity decreases exponentially
with time (Fig. 5). Semi log graph between Mechanolumi-
nescence signal intensity “I” versus (tetm) for Sr2MgSi2O7: Eu,
Dy phosphor is shown in Fig. 8. These are straight lines and,
were fitted using following equation with Origin 8.0
t ¼ 1
slop of straight line
(1)
Yielding the value of decay constant. Curve fitting results
show that decay constant varies from 5.85 ms to 6.58 ms
(Table 3) which is fairly good decay rate (Jha & Chandra, 2013).
Mechanism involved in the process of Mechanolumi-
nescence of these materials can be understood using the
following steps (Chandra, 1998):-
During the impact of a load onto the sample the crystallite
gets fractured and new surfaces are created. Due to the bulk
piezoelectricity or local piezoelectricity one surface of the
fractured crystallite is positively charged and the other sur-
face is negatively charged. It has been shown that very high
electric field of the order of 106 V/cm, is produced during the
fracture of crystallites. In such order of electric field the
electrons ejected from negatively charged surfaces may get
accelerated and subsequently excite the Eu2þ ions lying on the
surface of positively charged surfaces. Thus the de-excitation
of excited Eu2þ may give rise to the light emission character-
istics of 4f65 d1 configuration to 8S7/2 level of the 4f
7Table 3 e Calculation of ML decay constant.
Impact Velocity 342 313 280 242 198 140
t Decay Constant (ms) 5.85 6.58 6.47 6.52 5.85 6.33configuration. The symmetry between PL and ML spectra
supports these facts. It is to be noted that in the present case,
the sample was not excited with Ultra Violet light, and
therefore, the ML emission may not be related to the trapping
and de-trapping of electrons (Chandra, 1998).4. Conclusion
The calculated lattice parameters from the refined XRD data
are slightly greater than values obtained by Crystallography
Open Database (COD-96-431-7174). This may be due to the
presence of Eu2þ (dopant) and Dy3þ (co-dopant) ions having
greater ionic radii than Sr2þ ions. Taken FTIR spectra also
supported the proper formation of the sample. There is an
existence of single peak in temporal ML characteristics of the
sample which is indicative of single emission centre. Photo-
luminescence spectrumandMechanoluminescence spectrum
of the sample were very similar to each other with a broad
single peak at 480 nm. The peak found was expected due to
transitions from any of the sublevels of 4f65 d1 configuration
to 8S7/2 level of the 4f
7 configuration. Sample was not excited
with Ultra Violet light, and therefore, theML emissionmay not
be related to the trapping and de-trapping of electrons. Due to
the impact sample gets fractured and the creation new sur-
faces give rise to local and piezoelectricity,may be a reason for
ML emission. This fracto-mechanoluminescent material can
be helpful in designing the fracto-ML based devices such as
fracture sensor, impact sensor, damage sensors, safety man-
agement monitoring system, fuse system for army warheads,
etc (Chandra, 2011, 2012).r e f e r e n c e s
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